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Abstract. Strategy of glucose supply to achieve an optimal productivity of ethanol production of a yeast cell is one of the 
main features in a microbial fermentation process. Beside a known continuous glucose supply, in this study we consider a 
new supply strategy so called the on-off supply. An optimal control theory is applied to the fermentation system to ﬁnd 
the optimal rate of glucose supply and time of supply. The optimization problem is solved numerically using Differential 
Evolutionary algorithm. We find two alternative solutions that we can choose to get the similar result: either long period 
process with low supply or short period process with high glucose supply.  
Keywords: fermentation process, kinetic modelling, optimal control theory, Differential Evolutionary algorithm. 
PACS: 00-05, 80-88. 
INTRODUCTION 
Productivity of a yeast cell in producing ethanol via fermentation process is controlled by the concentration of 
limited substrate [1, 2, 3, 4]. Some yeast species have been classiﬁed as being glucose sensitive [5]. Hence strategy 
of feeding nutrients becomes an important feature to avoid overfeeding and underfeeding of nutrients [1, 6]. An 
efﬁcient method of feeding process and an appropriate timing of feed are very essential parameters for producing 
high product yield with efﬁciency of substrate consumption. In the previous study (see [7]), we have modeled the 
feeding process as a continuous process. In this study, we propose a new feeding strategy based on the on-off 
feeding strategy to optimize the utility of glucose and time of feeding. A structured model of a single yeast cell is 
considered in order to capture single-substrate dynamic of metabolite concentration. The kinetic model is derived 
based on the stoichiometry of biochemical reactions in the central metabolism pathway of a single yeast cell which 
provides the basis of structured modeling. Optimal control theory is applied to the structured model to determine the 
optimal feeding rate of glucose and time of feeding such that ethanol production for the two supply methods has 
similar results. We organize the paper as follows. In Section 2, we present the mathematical formulation of the 
kinetic model of fermentation process of a yeast cell with application in optimal control theory. In Section 2, we also 
present the computational procedure to solve the nonlinear optimization problem. Numerical simulation results are 
presented in Section 3, while summary and some concluding remarks are presented in Section 4. 
MATHEMATICAL FORMULATION 
In this section, we present the mathematical formulation of the dynamical system of fermentation process of a 
single yeast cell. Schematic representation of the central metabolism of the yeast cell and reactions involved in the 
metabolism process are depicted in Figure 1. Similar assumptions in [7] are used to generate the mathematical 
model. We assume that the fermentation process occurs under ideal fermentation conditions. All chemical reactions 
are catalyzed by different enzymes and the reactions follow Michaelis-Menten kinetic equations for single-substrate 
reaction with reversible and irreversible mechanism (see [7] for detail about the kinetic equations). In the central 
metabolism of the yeast cell, all reactions are irreversible except for the fifth reaction which is catalyzed reversibly 
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